A novel bacterial strain, designated THG-S11.7 T , was isolated from garden soil in Incheon, South Korea. Cells of the strain were Gram-stain-positive, aerobic, non-motile cocci, and were catalase-and oxidase-positive. Colonies of the strain were white. Strain THG-S11.7
are the presence of menaquinone MK-8(H 4 ) as the major respiratory quinone and LL-diaminopimelic acid is the diagnostic diamino acid of the peptidoglycan. The fatty acid profile contains both branched-and straight-chain fatty acids (O'Donnell et al., 1982) , and iso-C 16 : 0 as the dominant fatty acid. In this study, a novel member of the genus Nocardioides was characterized.
Strain THG-S11.7
T was isolated from soil collected from Michuhol library garden, Incheon, South Korea. One gram of soil was suspended in 10 ml sterile water containing 0.85 % (w/v) NaCl. Serial dilutions were prepared up to 10 26 using the same solution, and 100 ml each diluted sample was plated onto nutrient agar medium (NA; BD). After culture at 28 8C, for 7 days, single colonies were chosen for purification and sent for 16S rRNA gene sequencing. Strain THG-S11.7
T was found to form white, smooth, convex and circular colonies. For long-term storage, isolates were preserved as a suspension in nutrient broth (NB; BD) with glycerol (25 %, w/v) and stored at 280 8C.
Genomic DNA of strain THG-S11.7
T was extracted and purified using a commercial genomic DNA extraction kit (Solgent) . Subsequently the 16S rRNA gene was amplified using 27F and 1492R bacterial primers (Lane, 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea).The nearly complete 16S rRNA gene sequence (1428 bp) was compiled by using SeqMan software version 4.1 (DNASTAR). 16S rRNA gene sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Gaps were edited by using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura's, 1980) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms within the MEGA 6.0 program (Tamura et al., 2013) with bootstrap values determined based on 1000 replications (Felsenstein, 1985) . Comparison of the 16S rRNA gene sequence of strain THG-S11.7
T with those of categorized type strains was carried out using the EzTaxon-e server (Kim et al., 2012) .
The 16S rRNA gene sequence (1428 bp) of strain THG-S11.7
T was obtained and subjected to similarity searches using the sequence-matching tool of the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/). On the basis of 16S rRNA gene sequence similarities, the closest phylogenetic neighbours of strain THG-S11. T (97.0 %). The neighbour-joining tree based on 16S rRNA gene sequences showed that strain THG-S11.7
T was within the radiation of the genus Nocardioides. Phylogenetic trees reconstructed using the maximumparsimony and maximum-likelihood algorithms including strain THG-S11.7 T , species of the genus Nocardioides and related taxa are presented as Fig. 1 and Fig. S1 (available in the online Supplementary Material). The overall topology of the neighbour-joining tree was similar to that of the maximum-likelihood and maximum-parsimony trees. Based on phylogenetic trees and EzTaxon-e server results, the following reference strains were selected and obtained from the Korean Agricultural Culture Collection (KACC) Gram staining was determined using a Gram stain kit (bioMér-ieux) according to the manufacturer's instructions. After culturing for 3 days on NA at 28 8C, cell morphology of the novel strain was examined. Suspended cells in NB were placed on carbon-and Formvar-coated nickel grids for 30 s and grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a transmission electron microscope (JEM1010; JEOL) at 611 000 magnification under standard operating conditions. Motility was assayed on sulfide-indole motility medium (SIM; BD). Growth at different temperatures (4, 10, 15, 18, 25, 28, 30, 35, 37, 40 and 42 8C) was accessed after incubation for 5 days on NA and in NB. Growth was tested on different media including NA, tryptone soya agar (TSA; Oxoid;), Luria-Bertani agar (LB; Oxoid), Reasoner's 2A agar (R2A; BD), marine agar (MA; Difco) and MacConkey agar (Oxoid) at 28 8C for 5 days. Tolerance to NaCl was measured in NB containing different concentrations of NaCl (0-5.0 %, w/v, at intervals of 0.5 %) after incubation for 5 days at 28 8C. The pH range (pH 4.0-10.0 at intervals of 0.5 units) for growth was determined in NB after incubation for 5 days at 28 8C. The following buffers were used to adjust pH: citric acid/ sodium citrate (for pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0) and Na 2 CO 3 /NaHCO 3 (pH 8.0-10.0) (Gomori, 1955) . The effect of temperature, pH and salinity on growth was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing NB supplemented with thioglycolate (0.1 %, w/v) and in which the air was substituted with nitrogen gas. The presence of flexirubin-type pigments was investigated as described by Reichenbach (1992) . Catalase activity was determined by the production of bubbles from 3 % (v/v) H 2 O 2 solution mixed with freshly grown cells. Oxidase activity was checked using 1 % (w/v) N,N,N,N-tetramethyl-p-phenylenediamine reagent (Sigma) according to the manufacturer's instructions.
The following tests were carried out on strain THG-S11.7 . Hydrolysis of the following substrates was tested using NA containing (w/v): 2 % casein (skimmed milk; Oxoid), 1 % starch (Difco), Tween 80 (0.01 % CaCl 2 . 2H 2 O and 1 % Tween 80; Sigma), 1 % chitin (Sigma), 0.5 % L-tyrosine (Sigma), 12 % gelatin (Sigma), 0.1 % CM-cellulose (Sigma) aesculin (Bile aesculin agar; Difco) and DNA (DNase agar; Difco) were evaluated after incubation for 5 days at 28 8C. Urease activity was evaluated in Christensen's medium (Christensen, 1946) . Biochemical characteristics were further determined using API 20NE, API ZYM and API 50CH strips (bioMérieux) according to the manufacturer's instructions. API 20NE strips were read after 24 and 48 h, API ZYM strips were checked after 12 h, and API 50CH strips were observed after 2 and 5 days.
Cells of strain THG-S11.7
T were observed to be cocci with a diameter of 1.0-1.2 mm (Fig. S2) . Strain THG-S11.7
T was
Gram-stain-positive, aerobic and non-motile. Colonies of strain THG-S11.7 T grown on NA for 3 days were circular, entire, convex, smooth, white and of 1.0-3.0 mm diameter. The physiological and biochemical characteristics of strain THG-S11.7
T are summarized in the species description and a comparison of other physiological and biochemical characteristics with those of related type strains is shown in Table 1 . Strain THG-S11.7
T did not hydrolyse chitin, starch, casein, CM-cellulose, L-tyrosine, DNA, urea or gelatin, but was able to hydrolyse Tween 80 and aesculin.
For analyses of quinones, polar lipids and peptidoglycan, freeze-dried cells of strain THG-S11.7 T and N. kongjuensis KCTC 19054
T were used. Cultures were grown for 2 days in NB medium under aerobic conditions at 28 8C with shaking (180 r.p.m.), after which cells were harvested and Fig. 1 . Neighbour-joining tree based on 16S rRNA gene sequences, showing the phylogenetic relationships of strain THG-S11.7
T and members of the genus Nocardioides. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-parsimony and maximum-likelihood algorithm. Bootstrap values .50 % based on 1000 replications are shown at branching points. The bootstrap value separated with the symbol ( / ), represent the bootstrap values obtained in two different tree algorithms i.e. Neighbor-joining and Maximum-parsimony. The left side is the bootstrap value obtained in Neighbor-joining tree and the right side is the bootstrap value obtained in Maximum parsimony. Xiangella phaseoli NEAU-J5 T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
freeze-dried. Respiratory quinones were extracted from 100 mg freeze-dried cells and analysed using HPLC (Hiraishi et al., 1996) . The extracted quinone was detected by using a reverse-phase HPLC system (Alliance 2690 system; Waters) [wavelength 270 nm, solvent methanol/ 2-Propanol (7 : 5, v/v), flow rate; 1.0 ml min
21
]. Polar lipids of strain THG-S11.7
T and the reference strain N. kongjuensis KCTC 19054 T were extracted and analysed by two-dimensional TLC (Minnikin et al., 1984) . Polar lipids extracts were spotted onto the lower left-hand corner of TLC Kiesel gel 60 F 254 plates (10610 cm, Merck). The plates were developed with chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second direction. For detection of total and specific lipids, the following reagents (all Sigma) were used: 5 % molybdatophosphoric acid (for total lipids), 0.2 % ninhydrin (aminolipids), 2.5 % a-naphthol-sulphuric acid (glycolipids) and molybdenum blue reagent (phospholipids). Cell-wall peptidoglycans were extracted, purified and then hydrolysed with 6 M HCl at 100 8C for 16 h (Komagata & Suzuki, 1987) . The hydrolysed peptidoglycans were analysed by TLC using TLC cellulose (20620 cm) (Merck KGaA) and the modified solvent, methanol/pyridine/12 M HCl/water (32 : 42 : 1 : 7, by vol.), as described by Schumann (2011) . The acetyl or glycolyl type of the peptidoglycan was assessed using the method of Uchida et al. (1999) .
Following analysis of quinone by HPLC, the predominant quinone detected in strain THG-S11.7
T was MK-8(H 4 ) and minor amounts of MK-7(H 4 ) and MK-8(H 2 ) were also present, similar to all other members of the genus Nocardioides. The polar lipid profiles of strain THG-S11.7
T and reference strain N. kongjuensis KCTC 19054 T are shown in Fig. S3 . Diphosphatidylglycerol was the major polar lipid of strain THG-S11.7 T . Moreover, the major polar lipid profile of strain THG-S11.7
T was similar to that of N. kongjuensis KCTC 19054 T . In addition, two unidentified phosphoaminolipids (PAL1 and PAL2) and one unidentified phospholipid were also detected in both the strains. Some unknown polar lipids (L1 and L2) appear in N. kongjuensis KCTC 19054
T but were not present in strain THG-S11.7 T .The cell-wall peptidoglycan of strain THG-S11.7 T and N. kongjuensis KCTC 19054 T contained LL-diaminopimelic acid; this profile was similar to that of described species of the genus Nocardioides.
For fatty acid analysis, the strains were grown on NA at 28 8C for 48 h, then biomass from the third quadrant of each plate was collected and used for the preparation. Fatty acids were extracted and methylated using the standard protocol of the Sherlock Microbial Identification System (MIDI), as described by Sasser (1990) , and then separated by gas chromatography (GC 6890; Agilent). Identification of methyl esters was conducted using the TSBA library (version 6.1).
The cellular fatty acid profiles of strain THG-S11.7
T and the reference strain are typical for the genus and are shown in Table 2 . The major cellular fatty acids (.10 %) of strain THG-S11.7
T were iso-C 15 : 0 (16.6 %), C 16 : 0 (10.0 %) and iso-C 16 : 0 (44.4 %). Moderate amounts of iso-C 14 : 0 (4.8 %), anteiso-C 17 : 0 (6.7 %) and C 17 : 1 v6c (4.1 %), and minor amounts (,3.0 %) of some other fatty acids were also detected. A specific fatty acid which differentiates the genus Nocardioides from neighbouring genera is iso-C 16 : 0 , which was the main fatty acid detected in strain THG-S11. The DNA G+C content was determined according to the method of Mesbah et al. (1989) . The genomic DNA was extracted, purified by the method of Moore & Dowhan (1995) .Ten microlitres of solution containing 10 mg DNA was heated in a boiling water bath for 5 min and then cooled in an ice-water bath. The denatured DNA solution was mixed with 10 ml nuclease P1 solution (20 U ml -1 ; Sigma), and incubated at 37 8C for 1 h, then 10 ml alkaline phosphatase (40 U m 21 ; Sigma) was added and incubated for 1 h at 37 8C to remove the phosphate group from the purified sample. Subsequently, the obtained nucleosides mixture was separated using a reverse-phase HPLC system (Alliance 2690 system; Waters) with reversedphase column SunFire C18 (4.66250 mm65 mm), flow rate 1.0 ml min 21 , solvent mixture 200 mM (NH 4 )H 2 PO 4 /acetonitrile (97 : 3, v/v) as mobile phase, and wavelength 270 nm. The genomic DNA of Escherichia coli strain B (cat. no. D4889; Sigma-Aldrich) was used as a standard. DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) with modifications (Stabili et al., 2008) , using photobiotin-labelled DNA probes and microdilution wells. DNA-DNA hybridization experiments *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 3 contained C 16 : 1 v6c/v7c; summed feature 8 contained C 18 : 1 v6c/ v7c; summed feature 9 contained iso-C 17 : 1 v9c/C 16 : 0 10-methyl.
